Financial development has been deemed to be an important factor influencing carbon emissions; however, the specific effect generated by financial development is still disputed. In this study, we examined the relationship between financial development and carbon emissions based on a system generalized method of moments and the data of 155 countries, and we further analyzed the national differences by dividing the sample countries into two sub-groups: developed countries, and emerging market and developing countries. The empirical results indicated that from a global perspective, financial development could significantly increase carbon emissions, and the analysis of the emerging market and developing countries reached the same conclusion; however, the results indicated that for developed countries, the effect of financial development on carbon emissions is insignificant. A series of robustness checks were conducted and confirmed that our empirical results were reliable. We suggest that policymakers in emerging market and developing countries should carefully balance financial development and environmental protection, as financial development will promote carbon emissions before countries reach a relatively high development level.
Introduction
The issue of global warming has attracted worldwide attention. It is widely thought that this problem is caused by the excessive emission of greenhouse gases (GHGs), especially carbon dioxide. Many scholars have investigated the relationship between economic growth and carbon emissions, and have tried to determine how to mitigate this circumstance. The most well-known perspective is the environmental Kuznets curve (EKC) hypothesis proposed by Grossman and Krueger [1] , which considers an inverted U-shaped relationship between the level of economic development and environmental quality. Many studies have validated the EKC hypothesis [2] [3] [4] ; however, some scholars have proposed doubts or opposite opinions [5] [6] [7] .
Many scholars have concentrated on the factors influencing carbon emissions, such as trade openness, urbanization, and population growth. In recent years, scholars have proposed that financial development is another important factor that could significantly affect carbon emissions, and the omission of a financial factor may lead to erroneous empirical results [8, 9] . Therefore, scholars have conducted a series of studies on the influence of financial development on carbon emissions with different methodologies, indexes, and samples. The relevant research has not yet reached a consistent conclusion.
In this study, we analyzed the relationship between financial development and carbon emissions from a global perspective, on which scholars have rarely focused. We further divided the sample countries into two groups: developed countries, and emerging market and developing countries, which allowed us to detect the national differences in a unified framework.
The rest of this paper is arranged as follows: Section 2 provides a literature review, Section 3 describes the empirical strategy and sample data, Section 4 provides the empirical results and discussion, Section 5 outlines the robustness checks, Section 6 discusses the empirical results, limitations and further research direction, and Section 7 provides the conclusion and policy implications.
Literature Review

Theoretical Perspective
From the theoretical perspective of the influence of financial development on carbon emissions, scholars have proposed contradictory viewpoints. Some scholars [8, 10, 11] report that financial development could help reduce carbon emissions because of the following aspects: (1) in order to reduce production costs and enhance the market competitiveness of products, enterprises need to periodically update production technology and equipment which rely on adequate financial support. A developed financial system could facilitate enterprises to complete these works by effectively mitigating their financing constraints, which further indirectly decrease energy costs and reduce carbon emissions; (2) for the purpose of coping with environment degradation, governments generally tend to launch various environmentally friendly projects, promote overall industrial transformation, and the use of clean energy. Based on the corresponding policy arrangement, the financial institutions could provide necessary funds for the operation of these projects or programs, which could help to improve the energy infrastructure and finally reduce carbon emissions; (3) the enterprises listed on the stock market are generally outstanding enterprises which have significant influence on national economy. Due to the requirement of the stock exchange, they need to undertake regular information disclosure and are subject to strict supervision of the financial authorities and the public. This enforces them to establish a good image, such as assuming the social responsibility of environmental protection by utilizing environmentally friendly technologies, which could reduce carbon emissions. These can be called the "negative effects" of financial development on carbon emissions.
Other scholars [12] [13] [14] consider that financial development increases carbon emissions due to the following reasons: (1) a well functioned financial system could effectively relieve the problem of information asymmetry, expand financing channels, to enable the enterprises to obtain lending capitals with much lower costs which facilitate their expansion of the production scale (such as building a new production line, renting more equipment, and employing more workers), and therefore significantly increase carbon emissions; (2) likewise, the development of the financial sector could provide more and better service of consumption credit, which facilitates their intertemporal consumption and encourages them to purchase more commodities such as properties, automobiles, and other electric appliances. These would dramatically promote the expansion of social consumption and further increase carbon emissions; (3) the stock market generally acts as an important barometer of economic conditions, good performance of the stock market often implies the rapid growth and prosperity of the economy, which in turn greatly enhances the confidence of enterprises and consumers and stimulates the activities of production and consumption, therefore leading to the increase of energy consumption and carbon emissions. These can be called the "positive effects" of financial development on carbon emissions.
Empirical Research
To provide empirical evidence for the nexus of financial development and carbon emissions, scholars have conducted abundant research with different models and samples; however, these studies still do not yet provide a consensus. Overall, there are three main viewpoints in the empirical research: financial development reduces carbon emissions, increases carbon emissions, and other perspectives.
Financial Development Reduces Carbon Emissions
Tamazian and Rao [15] study the relationship between financial development and environmental degradation with a system generalized method of moments (GMM) estimation and the panel data of 24 transition economies from 1993-2004. They conclude that in transitional economies, financial development plays a positive role in environmental disclosure and can help to reduce carbon emissions.
Saidi and Mbarek [16] investigate the influence of financial development on carbon emissions based on a system GMM model and the time series data of 19 emerging economies from 1990-2013. The empirical results indicate that financial development has had a long-term negative impact on carbon emissions, which indicates that environmental degradation could be minimized by financial development.
Based on the time series data from South Africa for 1965-2008, and using the autoregressive distributed lag (ARDL) bounds testing approach for the cointegration and error correction method, Shahbaz et al. [9] find that financial development can reduce carbon emissions, which implies that financial reforms can be introduced to help maintain or improve the environment.
Omri et al. [17] study the relationship between financial development and carbon emissions using the simultaneous-equation panel data model and the data of 12 Middle East and North Africa (MENA) countries for the period of 1990 to 2011. The results show that higher levels of financial system development could increase the input of energy conservation R&D, which can promote technological innovations and eventually lower carbon emissions.
Using dynamic ordinary least squares (DOLS) and fully modified ordinary least squares (FMOLS) methods, Dogan and Seker [18] research the long-run dynamic relationship of financial development and carbon emissions based on the panel data of 23 top renewable energy countries from 1985-2011; they find that the analyzed variables are cointegrated and financial development could reduce carbon emissions.
Zaidi et al. [19] examine the dynamic relationship of financial development and carbon emissions in the EKC framework with continuously updated bias-corrected (CUP-BC) and continuously updated fully modified (CUP-FM) methods and the panel data of 17 Asia Pacific Economic Cooperation (APEC) countries from 1990-2016. The empirical results indicate that the financial development could reduce carbon emissions both in the long-run and short-run. Similarly, Zafar et al. [20] find this conclusion is also valid for Organization for Economic Co-operation and Development (OECD) countries.
Financial Development Increases Carbon Emission
Al-Mulali et al. [21] investigate the relationship between financial development and carbon emission in 23 selected European countries with the panel-pooled FMOLS model and conclude that financial development could increase carbon emissions in the long-run.
Zhang [13] consider financial development as one of the main factors that increase carbon emissions in China using a series of empirical methods and a couple of proxy variables for financial development. The research also discovers that the financial intermediation scale had the most outstanding influence on carbon emissions compared with other indictors of financial development.
Shahbaz et al. [22] examine the asymmetric impact of financial development on carbon emission in Pakistan with quarterly data from Q1 1985 to Q4 2014, and a calculated comprehensive index of financial development based on bank and stock-market indicators. The results indicate that financial development in the banking sector could increase carbon emissions via positive shocks, and this appears to be a unidirectional causality.
Bekhet et al. [23] examine the relationship between financial development and carbon emissions in Gulf Cooperation Council (GCC) countries with the ARDL model, and the empirical results indicate that the unidirectional causality of financial development to carbon emissions exists in the United Arab Emirates (UAE), Oman, and Kuwait.
Lu [24] studies the causality relationship between financial development and carbon emissions based on a panel causality test and the panel data of 12 Asian countries from 1993-2013. The empirical result shows that financial development causes carbon emissions.
Cetin et al. [25] examine the influence of financial development on carbon emissions in Turkey based on an ARDL bounds testing approach and vector error correction model (VECM) Granger causality test and the annual time series data for the period of 1960-2013. They discover a positive relationship between financial development and carbon emissions in the long-run, and the causality test reveals the unidirectional causality running from financial development to carbon emissions. Similarly, Ali et al. [26] study the dynamic links between financial development and carbon emissions in Nigeria with the ARDL bound test approach and the data period of 1971-2010, and conclude that financial development has a positive and significant impact on carbon emissions in both the long-run and short-run.
Other Perspectives
Dogan and Turkekul [14] analyze the relationship between financial development and carbon emissions in the USA from 1960 to 2010 with the ARDL approach and error correction-based Granger causality test, and conclude that although the financial development could affect the output, it has no effect on carbon emissions in the long-term. Similarly, based on the panel vector autoregressive (PVAR) model and the data of 24 countries in the MENA region from 1980 to 2015, Charfeddine and Kahia [27] find that financial development only slightly influences carbon emissions.
Paramati et al. [28] investigate the relationship between stock markets and carbon emissions in 23 developed and 20 emerging market countries from 1992 to 2011 with the Durbin-Hausman test and the common correlated effects (CCE) approach, and find that the influence of the stock market on carbon emissions differs between developed countries and emerging market countries. More specifically, the stock market indicators significantly negatively affect carbon emissions in developed countries but positively affects emerging market countries.
Comment and Discussion
From the above literature review, we can discover that the influence of financial development on carbon emissions is still under debate in both the theoretical and empirical research, which reflect the complexity of their relationship which cannot be readily detected or described.
Specifically, the theoretical research reveals that the financial development has both positive and negative effects on carbon emissions, the aggregate effect might be determined by the relative size of these positive and negative effects. The empirical research reflects that the influence of financial development on carbon emissions varies across countries and regions. Actually, it also demonstrates the viewpoint of the theoretical research to some extent, as it is reasonable to consider both the positive and negative effects are divergent in different countries and regions. Although the influence of financial development on carbon emissions remains in dispute, the relevant research on this topic have provided important theoretical values for environmental policy making.
However, two limitations exist in the literature on this topic: firstly, most of the researchers selected regional or individual country samples as the research objects, but few focused on this issue from a global perspective; secondly, the application of different methods, samples, and data, has created challenges for comparing research completed by different scholars.
Considering the above limitations, we collected a comprehensive country sample that contained the data of 155 countries to analyze the influence of financial development on carbon emissions from the global perspective, in order to provide more empirical evidence on this topic.
Empirical Strategy and Data
Empirical Model and Methodology
In this paper, we focused on three research objectives: first of all, we analyzed the influence of financial development on carbon emissions from the global perspective based on panel data of 155 countries, which could enable us to detect their relationship on a macro angle; in addition, we researched this issue by dividing the sample countries into two sub-groups-developed countries, and emerging market and developing countries, to detect national differences under a unified analytical framework.
The discrepancy of the empirical results reflects the heterogeneous effect of financial development on carbon emissions in different countries and regions. However, due to the inconsistent samples, proxy variables and methodologies adopted by scholars, it was quite difficult to compare their empirical results in a unified framework. Therefore, after the full sample analysis, we further divided our sample into different sub-groups to examine the national effect of financial development on carbon emissions across different types of countries, in the same empirical framework. According to general practice in the empirical works [29] [30] [31] , we divided our sample countries into two sub-groups-developed countries, and emerging market and developing countries, as it is widely believed by the scholars that a significant discrepancy in the aspects of economic structure, technical level, and resource endowment exists between these two groups, which may result remarkable implications on macro factors (please refer to Appendix A for more information about the country classification); lastly, we investigated the influence of different aspects of financial development on carbon emissions by adopting a series proxy variables of financial development. Much research deems financial development as a unique concept and takes one or two indexes to be its proxy variables. Actually, scholars commonly believe that financial development has rich connotation that can be divided into different aspects, therefore, besides the use of a comprehensive index, we further adopted five concrete indexes of financial development to analyze the effect of different aspects of financial development on carbon emissions, apart from its aggregate effect, to provide more specific evidence on this topic.
Considering the above research objectives and following the general practice on this topic [15, 21, 28] , we established the dynamic panel model below:
where CE it represents carbon emission; FD it signifies financial development; Control it denotes a series of control variables; β 0 , β 1 , and γ are the corresponding coefficients; µ i represents the unobserved country specific effect; ε it is the residual term; and i and t indicate the country and time, respectively. We introduced the lag-term of carbon emissions into the regression equation to reflect the dynamic process of carbon emissions, which was consistent with reality. Adding a lag-term can eliminate the influence of uncontrollable factors, increasing the credibility of the regression results.
As a result of the existence of a lag-term, the model could not be estimated by ordinary least squares (OLS) or traditional panel model estimation methods (such as fixed-effect or random-effect), as they would have caused an endogenous problem and therefore could not provide effective estimators. To solve this problem, we adopted the generalized method of moments (GMM) [32] [33] [34] to estimate the above model. GMM can be divided into difference GMM and system GMM; each of them can further be divided into one-step and two-step estimation methods according to the selection of different weight matrixes.
Compared with the difference GMM, the system GMM can help mitigate the problems of weak tools and limited sample errors and can improve the efficiency of estimation. The two-step estimation performed better in handling the autocorrelation and heteroscedasticity problems than one-step estimation. Therefore, we adopted a two-step system GMM method to estimate our model. We adopted Stata (StataCorp, College Station, Texas, USA) and the command "xtabond2" to complete the estimations. Please refer to Roodman [35] for more details about this command. We conducted the test of serial correlation and the effectiveness of instrument variables to examine the consistency of the estimators, based on relevant statistics. In addition, the Hansen test was used to judge the effectiveness of the instrument variables rather than the Sargan test, as Roodman [35] shows that the Sargan test is not robust to heteroscedasticity or autocorrelation.
Data
So far, no indictors are widely accepted as proxy variables of financial development due to their rich and complex connotation. Scholars adopt many different indicators according to their research objectives and the data availability [36] [37] [38] [39] [40] . In our research, we used the comprehensive index of financial development proposed by Svirydzenka [41] in the main regression, which allowed us to investigate the "aggregate" effect of financial development on carbon emissions. Please refer to Appendix B for more information of this index.
To analyze the influence of different aspects of financial development on carbon emissions and to guarantee the reliability and accuracy of the empirical results, we also adopted another five variables as the proxies of financial development besides the comprehensive index proposed by Svirydzenka [41] .
Following the common research on carbon emissions [27, 42, 43] , we used carbon dioxide emissions (metric tons per capita) as its proxy, and selected four control variables: trade openness, urbanization, population growth, and industrial structure. The details of the variables used in our model are presented in Table 1 . According to the data availability, our sample contained 155 countries, including 35 developed countries and 120 emerging market and developing countries. The main regression data cover the period from 1990 to 2014, and in the robustness checks, the period was extended to 1960-2014. All the variables were extracted from the World Development Indicators database of the World Bank, except for the financial development (FD)1 variable, which was sourced from the International Monetary Fund (IMF) database. All the variables were transformed into the natural logarithms to reduce nonnormality and heteroscedasticity [44] , except for FD1 and population growth (POP) as they were already dimensionless or ratio indexes. Table 2 displays the descriptive statistics of the variables for the main regression. We adopted several regressions in the section of empirical analysis, and to save space, the descriptive statistics of the other regressions are not presented but are available from the authors upon request. Table 3 presents the correlation matrix of all the variables in the main regression. Generally, when all the correlation coefficients of each of the variables are less than 0.85, the model is considered to not have a multicollinearity problem [45, 46] . Table 3 shows that all the correlation coefficients were less than 0.85; therefore, we thought that our model was not affected by the multicollinearity problem.
We also calculated the correlation matrixes for other regressions besides the main regression; all of the correlation coefficients were less than 0.85. 
Results and Comments
Unit Root Test and Co-Integration Test
In the panel models, non-stationary sequences data cause the problem of spurious regression, which further leads to errors in estimating the results. To avoid this circumstance, we adopted five commonly-used unit root tests [47] [48] [49] [50] [51] to examine the stationarity of the data. Note, to save space, we only report the results of the unit-root test and co-integration test for the main regression (full sample); all the other regressions also passed these two tests, and the results are available from the authors upon request. Table 4 displays the results of the unit root test. All the variables were stationary sequences. However, as some of the variables were not significant in certain unit root tests, we examined the stationarity of the first-order difference of the variables, and the results indicated that all the unit root tests were significant at the 1% level, which implied that all the variables were at least integrated at an order of one. We further investigated the co-integration relationship among the panel data series using three co-integration tests [52] [53] [54] . The results in Table 5 show that the null hypotheses of "no co-integration" were rejected by all three tests, which implied that the co-integration relationship did exist; therefore, we continued our research by establishing the panel data model. 
Method Statistics
Kao Table 6 presents the full sample of the empirical results of the effect of financial development on carbon emissions with stepwise regressions. For all the regressions, the first-order serial correlation tests were significant at the 1% level, and the second-order serial correlation tests and Hansen tests were not significant. These misspecification tests proved the appropriateness of the GMM specification. The results of the regression showed that financial development had a positive effect on carbon emissions, as the coefficients were positive and significant at the 1% level. This implied that financial development could increase carbon emissions from a global perspective. The stepwise regressions indicated that our main conclusion was not affected by the change in the control variables. According to the theoretical analysis, the influence of financial development on carbon emissions is uncertain. Some scholars [8, 10, 11] consider that financial development could fund the innovative activities of enterprises and environmentally friendly projects, which improve productivity and decrease the use of energy, thereby reducing carbon emissions. This can be called the "negative effect" of financial development on carbon emissions. However, other scholars [12] [13] [14] report that the development of the financial sector could stimulate the demand for energy consumption and the expansion of production scale, which increase carbon emissions. This can be called the "positive effect" of financial development on carbon emissions. Overall, the total impact is determined by the relative size of the negative and positive effects [18, 55] . The empirical results indicated that the positive effect exceeds the negative effect in our sample and occupied the dominant position. Therefore, this result showed that on a worldwide level, the effect of financial development was more a promotion than reduction of carbon emissions. This conclusion is consistent with the work of Al-Mulali et al. [21] , Bekhet et al. [23] , and Lu [24] .
Result of Full Sample Regression
Results of Sub-Sample Regressions
The above empirical analysis proved that from a global perspective, financial development has a positive effect on carbon emissions. However, this conclusion may not be valid for countries in different stages of development, as these countries have an obvious discrepancy in economic structure, technical level, and resource endowment. Therefore, we further analyzed the relationship between financial development and carbon emissions by dividing the sample countries into the following two groups: developed countries, and emerging market and developing countries. Table 7 presents the regression results. According to the empirical results, the coefficient of financial development was positive for developed countries, but insignificant both in terms of statistics and economics. However, the coefficient of financial development was positive and significant at the 1% level for emerging market and developing countries, which was similar to the full sample regression. This indicated that the financial development has positive effect on carbon emissions in emerging market and developing countries, and had no obvious effect in developed countries.
This result may be explained by developed countries generally having well-developed industrial systems and strict environmental regulations. Therefore, enterprises tend to invest in technological innovation but not scale expansion, and the government prefers to support the development of green finance, which leads to more funding in environmental protection projects. Although the development of the financial sector also stimulates consumption, which can generate more emissions, these positive and negative effects tend to neutralize and eliminate the negative influence of financial development on carbon emissions.
Conversely, emerging market and developing countries often face tremendous pressure to develop economically, and the first priority is to increase output rather than environmental protection. The enterprises tend to expand production scale though credit rather than developing energy saving technology; therefore, the development of the financial sector could indirectly increase carbon emissions. The mitigation of financing the constraints of the consumers could also increase consumption and eventually enhance the positive effect of financial development.
These empirical results are similar with the works of Shahbaz et al. [22] , Dogan and Turkekul [14] and Paramati et al. [28] , which reflect the national difference of the effect of financial development on carbon emissions.
Results of Regressions with Different Proxy Variables of Financial Development
The previous section analyzed the "aggregate" effect of financial development on carbon emissions with a comprehensive index proposed by Svirydzenka [41] . However, scholars commonly consider that financial development has rich connotation and can be further divided into different aspects, and the macro effect of financial development may vary if we focus on its different aspects. Therefore, in this section, we investigated the influence of different aspects of financial development on carbon emissions with a series of proxy variables of financial development, to detect the relationship of financial development and carbon emissions for a comprehensive angle, and to verify the reliability and accuracy of the previous empirical results.
The proxy variables of financial development used in this section were FD2-FD6. Generally, financial development is divided into the development of financial institution and the development of stock market (corresponding with indirect financing and direct financing respectively). We used FD2, FD3 and FD4 as the proxy variables of the development of financial institution, and FD5 and FD6 to be the proxy variables of the development of stock market. As the FD2, FD3, and FD4 indexes had a relatively adequate sample size, we not only estimated the full sample regression but also the sub-sample regressions when we used these three proxies. However, given the limited data availability, we only estimated the full sample regression when we used the FD5 and FD6 indexes. Tables 8-11 present the results of the regressions. Tables 8-10 show that the coefficients of FD2, FD3, and FD4 for the full sample regressions were 0.1589478, 0.1519494, and 0.1702764, respectively, and were significant at the 1% level. For the sub-sample regressions in Tables 8-10, the coefficients of developed countries were all small and insignificant, and the coefficients of emerging market and developing countries were all positive and significant at the 1% level. In addition, Table 11 shows that the coefficients of FD5 and FD6 were 0.0492784 and 0.0785047, respectively, which were significant at the 1% level.
By comparing the values of coefficients of FD2-6, we can readily notice that for FD2-4 and FD5-6 respectively, they were quite close with each other while the coefficients of FD2-4 were evidently larger than FD5-6, which implied that the development of financial institution had greater influence on carbon emissions than the development of the stock market (it was reasonable to believe this conclusion was reliable as we adopted more than one proxy variables for each aspect). This may have been caused by the following reasons: the stock market allows listed companies to access an additional source of equity financing besides the debt financing, which leads to the consumption of more energy by stimulating the growth of business, and finally contributes to the increase of carbon emissions, however, the listed companies are strictly supervised by the financial authorities and the public, therefore they will emphasize the social responsibility of environmental protection and utilize more advanced technologies which could increase the energy efficiency and reduce carbon emissions. To the contrary, the companies acquire their loans mainly from financial institutions not subject to these limitations and consequently have less motivation on environmental protection during their productive activities. Therefore, the coefficients of FD5-6 which represent the development of the stock market, were relatively smaller compared with FD2-4 which represent the development of financial institution.
In addition, these empirical results also have the following implications: (1) while we divided the financial development into two aspects by adopting other five proxy variables, all of their coefficients were significantly positive, which were inconsistent with the result of regression using the index of FD1, this further proved that the financial development could significantly increase carbon emissions from the global perspective; (2) the results of sub-sample regressions in Tables 8-10 indicated that the financial development has no obvious effect on carbon emissions while it has a positive effect on carbon emissions in the emerging market and developing countries, which further proved the conclusion of the sub-sample regressions with FD1.
Robustness Checks
The previous empirical analysis proved that financial development can increase carbon emissions from a global perspective, in this section, we conducted two robustness checks to verify the reliability of the above empirical results.
Different Estimation Methods
We chose the system GMM to estimate the models because it could effectively cope with the endogenous problems of a dynamic panel. In this section, we adopted a static panel and the traditional estimation strategies, which include the pooled OLS, fixed effect (FE), and random effect (RE) to examine the influence of financial development on carbon emissions and the robustness of our empirical results. Table 12 presents the estimation results of the static panel model. All the coefficients of FD1 were significant at the 1% level, which was consistent with the previous results. The Hausman test indicated that the fixed effect was better than the random effect model; however, we reported both of the results, which were quite similar. These empirical results proved that our conclusions were consistent under different model specifications, and further indicated that our model might not seriously suffer from the issue of endogeneity, as we could notice the value of coefficients estimated by the fixed effect, random effect and GMM were quite similar. As we know, the issue of endogeneity is generally caused by the existence of reverse causality, however the above analysis indicated that the reverse causality might not exist in the relationship of financial development and carbon emissions. This is consistent with most works of scholars, as very little research has reported the appearance of reverse causality on it. Note: ***, **, and * indicate significance at 1%, 5%, and 10% levels, respectively.
Longer Sample Periods
When we adopted the panel data analysis, we often had to balance the number and the period of the sample data, as they generally appeared to have a negative correlation. In our main regression, we chose the panel data of 155 countries from 1990 to 2014, as we thought that this would be the best sample size for our analysis according to the data characteristics. We attempted to analyze the relationship between financial development and carbon emissions from the perspective of a longer time dimension by extending the sample period. This lost more sample countries but allowed us to examine whether the above conclusions were valid in the long-term.
Specifically, according to the data availability, we extended the sample period of our main model to 1980-2014. As the FD2 index had relatively complete data compared with other indexes in the earlier years, we used FD2 as the proxy of financial development and extended the initial sample period from 1990 to 1980, 1970, and, 1960 , separately. Table 13 shows that the coefficients of FD1 and FD2 were all positive and strongly significant, which implied that the previous results were valid in the long-term. We estimated the first three regressions with the same system GMM; however, we estimated the last regression (FD2, 1960-2014) using the least squares dummy variable corrected (LSDVC) method, as the sample data of this regression were long panel data (the number of years was larger than the number of countries); therefore, the estimated values would have appeared to have a serious bias if we used GMM. LSDVC performs much better than GMM under this circumstance [56, 57] . Table 13 . Results of the full sample regressions with longer periods. Note: ***, **, and * indicate significance at 1%, 5%, and 10% levels, respectively.
Discussion
As most of research on the relationship between financial development and carbon emissions focuses on specific countries or regions, our study analyzed their relationship from the global perspective with worldwide cross-country panel data, and investigated the national difference by dividing the country samples into two sub-groups, besides, we further examined the effect of different aspects of financial development on carbon emissions with a series proxy variables, under a unified framework. Therefore, compared with the previous research, our study could provide a macroscopic intuition and more empirical evidence on this topic. Although our conclusions were consistent with some research [22, 23, 28] , they were quite different from other works [16, 17, 27] . As mentioned above, the controversial conclusions reflect the complexity of the relationship between financial development and carbon emissions, which may vary across countries or regions, therefore it is unreasonable to hold a constant opinion, and additional in-depth research is needed on this topic.
The main limitation of our research was, we investigated the national difference of the effect of financial development on carbon emissions by dividing the country samples into two sub-groups, however, due to the inadequate data and the lack of relevant research, we could not conduct more accurate analysis on it. Specifically, the controversial results obtained by research on this topic (including our study) actually reflected the nonlinear characteristics of the relationship between financial development and carbon emissions to some extent. In other words, there might exist one or more factors which could significantly affect the relationship between financial development and carbon emissions. These factors could be concrete ones such as institution and policy, or a general concept such as income level or development level of a country. This might be an interesting and worthwhile research direction that scholars have rarely focused on.
Conclusions and Policy Implications
In this study, we empirically researched the relationship between financial development and carbon emissions based on the data of 155 countries, and analyzed the national differences by dividing the sample countries into two sub-groups: developed countries, and emerging market and developing countries. Besides, we further investigated the effect of different aspects of financial development on carbon emissions by adopting a series of proxy variables. According to the empirical results, we concluded that the financial development can increase carbon emissions from a global perspective, and this conclusion remains valid for the sub-group of emerging market and developing countries. However, the empirical results indicated that financial development has no obvious influence on carbon emissions for developed countries. Besides, compared with the development of stock market, the development of financial institution has a relatively stronger effect on carbon emissions. The robustness checks proved that the above empirical results are reliable.
The empirical analysis suggests the following policy implications:
(1) Over the past few decades, the growing carbon emissions have become a global environmental issue which received widespread attention. According to the data of World Bank, the world's metric tons per capita carbon emissions is 4.19 in 1990, but dramatically increased to 4.97 in 2014. Although some research considers that the financial development could reduce carbon emissions and find empirical evidence in several countries or regions [9, 15, 16] , our analysis indicated that the financial development has a positive effect on carbon emissions from the global perspective, which means the development of the financial sector cannot be intuitively deemed as a measure to address environmental degradation, and policymakers should carefully analyze the environmental effects of financial development and balance this relationship based on specific circumstances of a country.
(2) The empirical results of the sub-groups indicated that in emerging market and developing countries, the financial development has a positive effect on carbon emissions while it has no obvious influence in developed countries. These are consistent with the conclusions of some research [14, 23, 28] . This implies that with the increase in the development level of a country, the "positive effect" of financial development on carbon emissions will be gradually offset by the "negative effect".
Generally, the developed countries have well-developed industrial systems that enterprises tend to invest in technological innovation but not scale expansion, and the financial sectors prefer to fund for environmental protection projects due to the strict environmental regulations of government. These could largely neutralize the "positive effect" of financial development. Consequently, policymakers in developed countries are not facing environmental pressure while planning the development of the financial sector, which will enable them to concentrate on the function of resource allocation and growth effect of financial development.
Nevertheless, due to the undeveloped industrial sectors and the pressure of economic development in emerging and developing countries, the enterprises tend to expand production scale though credit rather than developing energy saving technology, hence the "positive effect" of financial development dominates and the development of financial sector has a significant effect on carbon emissions. This reflects the unavoidable contradiction of economic development and environmental protection. Notwithstanding, we suggest the policymakers in emerging and developing countries to carefully balance their relationship and attach importance to emission reduction, as the extensive growth will conversely impede the long-run economic development, meanwhile, it will dramatically increase the cost of environmental pollution control in the future. Specifically, it might be reasonable for governments to lead more financial resources for industrial upgrading, which could improve production and energy efficiency and finally promote economic growth from the channel of total factor productivity (TFP) [58] , along with the reduction of carbon emissions.
In addition, the empirical results of the sub-groups also implied that the influence of financial development on carbon emissions might agree with the law of short-term pain, long-term gain, from the macro perspective. Therefore, policymakers in emerging market and developing countries could comprehensively regard the positive effect of financial development, and formulate a long-term strategy for the domestic development of the financial sector.
(3) The empirical results of regressions with different proxy variables of financial development reflected that the development of stock market has obviously smaller influence on carbon emissions than the development of financial institution. This may be caused by the strict supervision of listed companies which enforce them to assume social responsibility of environmental protection and utilize more advanced technologies which could increase the energy efficiency and reduce carbon emissions. Therefore, the authorities might consider giving a priority for the development of the stock market, as it performs better to limit the increase of carbon emissions, compared with the development of financial institution. In order to study the country specific effect of the influence of financial development on carbon emissions, we divided the sample into two groups, namely developed countries and emerging market and developing countries, this is based on the country classification of International Monetary Fund (IMF) [59] . Compared with other classification criterion, the characteristics of different types of countries was comprehensively considered rather than a single aspect or indicator, and it has been widely adopted in empirical research, such as von Hagen and Zhou [29] , Donadelli and Paradiso [30] , and Wu et al. [31] .
It is necessary to explain that we used the word "country" in this article for simplicity, actually it refers to "country and region", which included special administrative regions et al.
Appendix B The Introduction of the Index Proposed by Svirydzenka (2016) (FD1)
We used the comprehensive index of financial development proposed by Svirydzenka [41] , to be one of the proxy variables of financial development. This index is constructed using six sub-indexes, concerning the depth, access, and efficiency of financial institutions and markets. Table A2 presents the framework of this index. Table A2 . Framework of the index proposed by Svirydzenka [41] (FD1).
Aggregate Index
First-Level Sub-Index Second-Level Sub-Index Svirydzenka [41] divided financial development into two aspects: financial institutions and financial markets, then measuring each aspect from the angles of depth, access, and efficiency. By adopting a series of original indexes and methodologies, the author first computed two first-level sub-indexes, namely financial institutions and financial markets, then computed the aggregate index-financial development based on the first-level sub-indexes. Due to the length limitation, we do not further introduce the detailed construction process of this index, please refer to the original manuscript of Svirydzenka [41] for the complete information. The data of index can be extracted from the website of the IMF [60] .
